Video-assisted thoracoscopic surgery (VATS) is a less invasive treatment and is associated with less postoperative pain and better oxygenation than open thoracotomy 1 , although patients can still experience moderate to severe pain, especially during the first hour after VATS 2,3 . Various methods of relief for postoperative pain after VATS have been used but there is difficulty in achieving complete relief 4-7 .
METHoD

Study population
The study was approved by the Institutional Review Board (KUH1160015 granted by the Institutional Review Board of Konkuk University Medical Center, Seoul, Korea) and registered at http://cis. cdc.go.kr (KCT0000109). Written informed consent was obtained from each patient. Patients undergoing thoracoscopic wedge resection for pneumothorax were prospectively studied. Each patient was classified as American Society of Anesthesiologists physical status I and had no medication history or allergy to nonsteroidal anti-inflammatory drugs. Patients were randomly assigned to either a control group or a block group by opening sealed envelopes that revealed the group to which they would be assigned. Patients were excluded for any of the following reasons: urgent or emergent case; re-do cases; preoperative coagulation disorder (abnormal values of preoperative blood coagulation test such as platelet count, prothrombin time and activated partial thromboplastin time); local or general infection; patient age <18 years; and cases without intravenous patient-controlled analgesia (PCA) for postoperative pain control.
Anaesthetic regimen and thoracoscopic wedge resection for pneumothorax
No patient was given premedication. All patients had a chest tube in situ to remove air. Anaesthesia was performed by anaesthetists who were unaware of the study. After establishing routine invasive arterial blood pressure and non-invasive patient monitoring (pulse oximetry, electrocardiography and bispectral index), anaesthesia was induced and maintained using a target-controlled infusion of propofol (target concentration, 1.2-1.3 µg/ml) and remifentanil (target concentration, 10-20 ng/ml). Muscle relaxation was achieved with the administration of a bolus of rocuronium under the guidance of a peripheral monitoring of neuromuscular transmission. All patients were intubated with a Univent tube (Phycon™, Fuji Systems, Tokyo, Japan) for one-lung ventilation. The position and balloon volume of the bronchial blocker was evaluated with fibreoptic bronchoscopy in the supine position and in the right or left decubitus position. During two-lung ventilation, the following ventilator settings were used: total fresh gas flow of 4 l/minute, consisting of air 3 l/minute and oxygen 1 l/minute; tidal volume=ideal body weight×6 ml; respiratory rate-controlled using endtidal concentration of carbon dioxide, which ranged from 35-40 mmHg; and inspiratory to expiratory ratio of 1:2. During one-lung ventilation, the ventilator settings were the same except for a total fresh gas flow of 4 l/minute, consisting of 100% oxygen. Positive end expiratory pressure on the dependent lung and/ or continuous positive airway pressure to the nondependent lung was applied when the pulse oximetry was below 90% during one-lung ventilation, and the patient was then excluded from the study.
All thoracoscopic wedge resections were performed by the same surgical team using the same techniques. The chest tube was removed by the surgeon after anaesthesia induction, but prior to the surgical procedure. A trocar (11.5 mm, Hong-Eun Medical Corporation, Korea) was placed in the previous chest tube insertion site and a thoracoscope (5 mm, 30 degree, Stryker Endoscope, USA) was introduced through the trocar. Two additional trocars (5 mm, Hong-Eun Medical Corporation, Korea) were placed in the axillary area. Wedge resection with Endo-GIA™ 45 or 60 mm (Ethicon, Johnson & Johnson, USA) was performed. Mechanical pleural abrasion with rolled up Betadine gauze to obliterate the pleural space was performed. A chest tube was then placed in the previous chest tube insertion site.
At the end of each operation, residual neuromuscular paralysis was antagonised with neostigmine 0.05 mg/kg (given with glycopyrrolate 0.01 mg/kg). After tracheal extubation, the patient was transferred to a post-anaesthetic care unit (PACU).
LTN block
Before anaesthesia induction, an LTN block 9 was performed by an anaesthetist who did not participate in the remainder of the patient's anaesthesia. The patient's head was rotated contralaterally to facilitate palpation of the sternocleidomastoid muscle. The anterior scalene muscle, interscalene muscle groove and middle scalene muscle were identified after palpation of the sternocleidomastoid muscle. A 22-gauge 3 cm regional block needle attached to a nerve stimulator (Stimulplex ® Dig RC, B. Braun Melsungen AG, Germany) with 1 Hz frequency and an initial 1.0 mA intensity, was slowly advanced into the middle scalene muscle in the direction parallel to the long axis of the middle scalene muscle caudally and slightly laterally. An assistant attempted to identify contraction of the SAM over the lateral chest wall. The final needle position was maintained at the point where maximum contraction of the SAM was noted below 0.5 mA. After negative aspiration, 5 ml of normal saline was injected in the control group and 5 ml of 0.5% lignocaine was injected in the block group. The success of the LTN block was evaluated by the appearance of winging of the scapula, drooping of the scapula and the inability of arm abduction beyond 90 degrees in a sitting position.
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Anaesthesia and Intensive Care, Vol. 40, No. 5, September 2012 Postoperative pain management and discharge from PACU Intravenous PCA was composed of alfentanil 15 mg (30 ml), to which was added ondansetron 24 mg (12 ml) and normal saline 158 ml. A PCA pump (Accumate 1000 ® , Wooyoung Medical, Seoul, Korea) was programmed with a continuous infusion of 1.5 ml/hour, bolus dose of 1 ml and lockout time of ten minutes. All patients received a 5 ml loading dose intravenously from the PCA at the time of wound dressing. Each patient's status was checked every ten minutes from arrival at the PACU to discharge from the PACU. Adequate analgesia was defined as VAS score equal to or below the VAS score before anaesthesia induction. If adequate analgesia was not achieved, a bolus dose of the PCA mixture was infused by a PACU registered nurse who was unaware of the study.
Patients were eligible for transfer out of the PACU to the general ward when the discharge criteria from the PACU, using an Aldrete score 10,11 , was met and adequate analgesia was achieved at two sequential evaluations. Patients were educated regarding the use of the PCA pump at discharge from the PACU. No oral analgesic agent was given during the study.
Measurements
The evaluation of pain was recorded by a PACU registered nurse and a ward registered nurse who were unaware of the study. Using the VAS (ranging from 0 to 100; 0=no pain, 100=worst pain imaginable), the patients marked the pain severity and chose the VAS score at the following: before anaesthesia induction (T0); arrival at the PACU (T1); ten minutes after arrival at the PACU (T2); 20 minutes after arrival at the PACU (T3); 30 minutes after arrival at the PACU (T4); discharge from the PACU (D); one hour after discharge from the PACU (T5); and 24 hours after discharge from the PACU (T6). The length of PACU stay was also recorded. Total amounts of the bolus dose of PCA were recorded during the PACU stay (from arrival at the PACU to discharge from the PACU, T1-D), one hour after discharge from the PACU (from discharge from the PACU to one hour after discharge from the PACU, D-T5) and from 1-24 hours after discharge from the PACU (from one hour after discharge from the PACU to 24 hours after discharge from the PACU, T5-T6).
Statistics
The primary outcome variable was VAS after ten minutes of arrival at the PACU. The value of 57±14 had been calculated from a previous pilot study of ten patients with intravenous PCA undergoing thoracoscopic wedge resection for pneumothorax. For VAS after ten minutes of arrival at the PACU, a minimum detected difference of 20% between the groups was considered clinically significant. For a power of 0.8 and an α value of 0.05, a sample size of 25 for each group was required. Statistics were analysed using the program Statistical Package for the Social Sciences version 12.0 (SPSS Inc, Chicago, USA). Values between the two groups were analysed using Pearson's chi-square test, Fisher's exact test and Mann-Whitney rank sum test. All data were expressed as numbers of patients or the mean ± standard deviation. A value of P <0.05 was considered statistically significant. Figure 2 : Visual analogue pain scale (VAS) score. T0=before anaesthesia induction, T1=arrival at the post-anaesthetic care unit (PACU), T2=ten minutes after arrival at the PACU, T3=20 minutes after arrival at the PACU, T4=30 minutes after arrival at the PACU, D=discharge from the PACU, T5=one hour after discharge from the PACU, T6=24 hours after discharge from the PACU (=control group, t=long thoracic nerve block group). Time   T0  T1  T2  T3  T4  D  T5  T6   100 
RESULTS
During the study, there were 67 cases of thoracoscopic wedge resection for pneumothorax. Of these, 14 patients were excluded: five due to being re-do cases, five because their age was <18 years, two because they refused intravenous PCA for postoperative pain control for economic reasons and two declined to participate. Fifty-three patients (27 in the control group and 26 in the block group) began the study, but three patients (two in the control group and one in the block group) were excluded from the study because of a malfunction in the PCA pump (intravenous line was disconnected in two cases [1 in the control group and 1 in the block group] and the PCA pump was damaged during transfer in one case [control group]). There were no cases of LTN block failure. Thus, 25 patients in each group were included in the final analysis (Figure 1) . Demographic data was similar between these two groups ( Table 1 ).
VAS at T0 was similar between the two groups (35±7 in the block group vs 36±7 in the control group, P=0.528) (Table 2, Figure 2 ). The change in VAS scores from T1-T5 in the block group was Figure 2 ). VAS at D in the block group was lower than in the control group, although there was no significant difference (26±7 in the block group versus 31±7 in the control group, P=0.071) (Table 2, Figure 2 ). PACU stay in the block group was significantly shorter than in the control group (30±14 vs 54±23 minutes, P <0.001) (Table 2, Figure 3 ).
Total amounts of PCA bolus doses during PACU stay (1.6±1.2 vs 3.9±2.0 ml, P <0.001) and one hour after discharge from the PACU (0.5±0.8 vs 1.7±1.2 ml, P <0.001) in the block group were significantly lower than in the control group. Total amounts of PCA bolus doses from 1-24 hours after discharge from the PACU (1.6±1.4 vs 1.1±1.3 ml, P=0.197) were similar in both groups (Table 2, Figure 4 ).
DISCUSSIoN
Pain increases skeletal muscle tone, which may result in tissue hypoxia and accumulation of inflammatory mediators, thereby aggravating the pain 12 . Thus, muscle relaxation by nerve block without sensory block could help relieve pain. The damage of intercostal muscles is unavoidable in VATS and damaged intercostal muscles are associated with increased muscle tone. The SAM is located above the intercostal muscles. The contraction of the SAM after VATS may irritate the intercostal muscles and increase their tone, thereby increasing postoperative pain. Additionally, the SAM is also prone to injury during VATS as it is dissected or split. Ramamurthy and colleagues reported that LTN block was effective in intractable pain of the lateral chest wall, originating from spasm of the SAM, with less or no response to other treatments. They explained that LTN block was a motor nerve, but it also might transmit sensory information from its muscular innervations 9 . Therefore, LTN block might help pain relief after thoracoscopic wedge resection for pneumothorax.
In the present study, the preoperative chest tube insertion site was used for the thickest trocar (11.5 mm) for VATS and this trocar insertion site was subsequently used for the postoperative chest tube, although the need for routine chest tube insertion is controversial. A chest tube is one of the main causes of pain after VATS 13 . VAS scores at T0 were similar between the control and block groups (36±7 in the control group vs 35±7 in the block group). All patients had a chest tube preoperatively and could feel discomfort or pain (VAS at T0 not close to zero). Therefore, we defined adequate analgesia as equal to or below the VAS score before anaesthesia induction.
We focused on the postoperative pain from endof-surgery to 24 hours after discharge from the PACU, especially the PACU stay and one hour after discharge from the PACU, because the most painful period after VATS is during the first postoperative hour 2, 3 . During the first hour after VATS, routine postoperative chest X-ray and patient transfer out of the PACU occurs. The routine postoperative chest X-ray for evaluation of operation success and position of the chest tube is performed with a position change of the patient just after the operation. The patient also experiences pain during transfer from stretcher to bed. The present study showed lower VAS scores at T5 and lower total amounts of PCA bolus doses during the PACU stay and one hour after discharge from the PACU in the block group. Namely, LTN block could achieve pain control at the critical time of postoperative pain after VATS and reduced the PACU stay in the present study.
Although the LTN block was carefully performed with a nerve stimulator, we had to consider possible paralysis of the phrenic nerve occurring in view of its close proximity to the LTN and consequent difficulty with respiration. Therefore a low volume of lignocaine was used in the present study. The insignificance of VAS scores at T6 and total amounts of PCA bolus doses from one to 24 hours after discharge from the PACU between the two groups might be related to the rapid absorption of lignocaine. However, although the longer acting local anaesthetics might lower VAS scores at T6 and total amounts of PCA bolus doses from one to 24 hours after discharge from the PACU, LTN block with longer acting local anaesthetic agents would be unnecessary because the VAS score at T6 in the control group was low (24±8). on the opposite spectrum, VAS scores at T6 and total amounts of PCA bolus doses from one to 24 hours after discharge from the PACU were similar in both groups and prolonged LTN block was thought to be unnecessary when compared to the duration, effort and potential risk.
one limitation has to be considered in this study. The SAM acts as an accessory respiratory muscle and paralysis of the SAM by LTN block could result in the decrease of respiratory function. Therefore, we included only American Society of Anesthesiologists physical status I patients. However, the proportion of SAM used in respiratory function is minimal and the decrease of respiratory function may be limited 14 .
Comparison of a pulmonary function test between the control group and block group before and after thoracoscopic wedge resection for pneumothorax may help to identify a decrease in respiratory function. Additionally, the LTN block in the study was used as a supplemental treatment for pain because the LTN block is a motor block. Therefore, the LTN block in the study was evaluated among patients with intravenous PCA. The results would not necessarily apply to patients receiving an epidural block, intrathecal block, thoracic paravertebral nerve block or intercostal nerve block.
CoNCLUSIoN
In conclusion, LTN block reduced the pain after thoracoscopic wedge resection for pneumothorax from end-of-surgery to one hour after discharge from the PACU and was also associated with reduced PACU stay.
